Pregnancy-associated murine protein-l (PAMP-l) could not be detected in peripheral blood of female dwarf mice (genotype dw/dw of the OW strain). By contrast the normal size females of the OW strain (genotypes + / + and + /dw) had PAMP-l serum levelsof 18·9 AU ± 15'7 AU/mI. Following administration of biosynthetic human growth hormone (hGH) every 2 h for 52 h PAMP-l was detected in all dwarf females at concentrations of 16·0 AU±3·3 AU/mI.
Summary
Pregnancy-associated murine protein-l (PAMP-l) could not be detected in peripheral blood of female dwarf mice (genotype dw/dw of the OW strain). By contrast the normal size females of the OW strain (genotypes + / + and + /dw) had PAMP-l serum levelsof 18·9 AU ± 15'7 AU/mI. Following administration of biosynthetic human growth hormone (hGH) every 2 h for 52 h PAMP-l was detected in all dwarf females at concentrations of 16·0 AU±3·3 AU/mI.
The albumin levels in the circulation of OW females of normal size were significantly higher (P<0·05) than those of OW dwarfs, and the hGH administration did not change the serum albumin levels.
The present experiment adds weight to the suggestion that the PAMP-l serum level is regulated by GH.
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During pregnancy in mammals the levels of several plasma proteins increase in the maternal circulation.
Administration of exogenous oestrogens has been found to result in similar induction or enhancement of the synthesis of some of these proteins. Human pregnancy zone protein (PZP, a-2-PAG, SP3) belongs to this group of plasma proteins, and it is the pregnancyassociated protein found in the highest plasma concentration in late human pregnancy. Both PZP (Chemnitz et al., 1982) and plasmin (Jensen et al., (1989) have been localized as a thin rim covering the trophoblastic villi exposed to the maternal blood stream. PZP binds to plasmin (Poulsen & Hau, 1988a) and prevents the binding of a-2 plasmin inhibitor (Poulsen & Hau, 1988b) indicating that PZP takes part in the regulation of the coagulation system during pregnancy, and prevents thrombosis in the placental bed.
Although PZP is very sensitive to exogenous oestrogens and has been suggested as a marker for 'oestrogenicity' during clinical treatment (Damber et al., 1979) several observations have demonstrated that other factor(s) must be involved in the hormonal regulation of the protein. Oral administration of oestrogen causes a rapid increase in the plasma level of PZP, whereas percutaneous administration of the same steroid, resulting in equally high concentrations of circulating oestrogen caused no change in the PZP level (Holst et al., 1983) . During pregnancy there is no apparent correlation between the concentration of oestrogens and PZP , and there is no significant variation of PZP during the menstrual cycle and concentrations are not, affected by the menopause (Damber et al., 1976; Folkersen et al., 1981) .
The murine immunologically cross-reacting analogue to human PZP, named pregnancyassociated murine protein-l (PAMP-l) was identified and characterized earlier (Hau et al., 1978 (Hau et al., , 1981 . Among other sites, PAMP-l is synthesized in the liver (Chemnitz et al., 1982) and is present in the circulation of pregnant as well as non-pregnant female mice, but undetectable in healthy adult male mice.
Oophorectomy results in a decrease in PAMP-1 levels which can be reversed by administration of oestrogen, and administration of testosterone inhibits the production of PAMP-1 . However, hypophysectomy results in a disappearance of P AMP-1 from the female circulation in spite of oestrogen replacement therapy (Hau et al., 1983 ). An obligatory role for the pituitary gland in sex hormone action on hepatic steroid metabolism, and marked sex differences in the metabolism, has been demonstrated in the rat (Mode et al., 1981; Mode, 1983) .
We have recently demonstrated that PAMP-1 synthesis can be restored in hypophysectomized mice of both sexes by continuous infusion of human growth hormone (hGH) (Frohlander et al., 1987) , and the aim of the present study was to study PAMP-I in dwarf mice having little or no growth hormone production.
Materials and methods

Animals
The animals used were 15-17-week-old female mice of the inbred strain DW /J (genotypes dw/dw, +/dwand +/+ obtainedfromIffa Credo (Lyon, France) and kindly donated by Nordisk Gentofte, Denmark. The dwarf mice weighed 7 g ±O' 5 g (mean ± SD, n = 12) and all mice were fed a commercial diet (Altromin, Brogaarden, Denmark) and tap water ad libitum.
The light/dark cycle was 12 h/12 h.
A standard pool of serum at day 18-19 of gestation was prepared from 85 pregnant outbred Pan: Thai mice kindly donated by Dr H-J Skovgaard -Jensen.
Growth hormone treatment
The growth hormone preparation used was biosynthetic human growth hormone (hGH), batch No. 5104-3 kindly donated by Nordisk Gentofte (Denmark). The units were given as international units (i.u) and 3 i.u. defined as 1 mg, i.e. 3 i.u./mg.
The mice were injected every 2 h with a volume of 50p.1 0,9070 NaCI (w/v) containing 6·7 p.g hGH, which was administered subcutaneously.
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Each mouse was injected 27 times during a period of 52 h. Control mice were injected 27 times during the same period with 50p,1 0·9% NaC!.
Two hours after the last injection the mice were anaesthetized with pentobarbital (50 mg/kg body weight) and exsanguinated.
Quantification of PAMP-I
The serum concentration of PAMP-1 was quantified by rocket immunoelectrophoresis as previously described (Hau et al., 1978) . The amount of PAMP-1 in a pool of serum from outbred Pan: Thai mice at 18-19 days of gestation (n = 85) was assigned a value of 100 arbitrary units (a.u.) per ml and used as the master standard. The interassay coefficient of variation was 5%.
Quantification of albumin
The serum concentration of albumin was quantified by rocket immunoelectrophoresis on 11 x 20· 5 cm glass plates in a 1% agarose gel (Indu biose A 37, L' Ind ustrie Biologique Fran~aise) with a TRIS-barbital buffer, pH 8· 5, at 2'5 Vfcrn for 18 h.
The gel contained rabbit anti-human albumin at a concentration of I : 100 (v/v). A pool of serum from outbred Pan: Thai mice (n = 85) at 18-19 days of gestation was diluted I : 64. The albumin concentration was assigned a value of 100 a.u. per ml and used as the master standard. The interassay coefficient of variation was 5%.
Statistical evaluation
Student's t-test was used for statistical evaluation of results.
Results
PAMP-l induction by hGH
The PAMP-llevel in DW female mice of normal size (+ / + and + /dw genotype) was 18·9 a.u. ± 15·7a.u./ml (mean±SD, n=lO) whereas PAMP-l was undetectable in the circulation of dwarf mice (dw/dw genotype), the detection limit of the assay being below 1 a.u./ml.
Following administration of hGH every 2 h for 52 h PAMP-I was detected in all 10 female dwarf mice treated. The serum concentration was 16a.u.±3.3.a.u./ml (mean±SD, n=IO).
Albumin levels
The n=10) . In the hGHtreated dwarf mice the serum level of albumin was 179 a.u. ±66a.u./ml (n= 10). DW females of all three genotypes had serum levels of albumin 2-3-fold higher than the serum level in the standard serum pool of 85 outbred Pan: Thai mice (100 a.u./ml).
Discussion
The dwarf (dw/dw) mouse was first described by Snell (1929 Snell ( , 1930 . The prime cause of the dwarfism is the failure of the anterior pituitary gland to produce at least three of the trophic hormones, namely growth hormone, prolactin and thyrotropin (Lewis et at., 1965; Bartke, 1966; Cheever et at., 1969) .
The dwarfs are sterile, and it is welI established that there must be interaction between the gonads and the pituitary gland in order to maintain fertility. The gonads have a stimulatory effect on pituitary GH release in female rats (Blake et al., 1984) , and oestrogen treatment has been shown to increase GH secretion in man (Wiedemann et at., 1976) . The liver is a major target organ for GH, and the presence of GH was found to be necessary for steroid-induced protein synthesis in the liver (Griffin & Miller, 1974) . Sex differences in hepatic metabolism were found to be caused by differences in the secretory pattern of GH and a continuous infusion of human GH had a 'feminizing effect' in rats (Mode et al., 1981; Mode, 1983) .
Similarly in male mice which normally do not synthesize measurable amounts of PAMP-l, synthesis could be induced by continuous infusion of hGH by minipumps, but not by repeated subcutaneous injections (4 or 8 daily) (Frohlander et al., 1987) . Unfortunately, minipumps could 185 not be used in the present study due to the small size of the dwarf mice. Instead the mice received injections every 2 h during a 52 h period in order to mimic a continuous infusion. Attempts to delay absorption by using water in oil emulsions of GH did not work (results not shown).
The absence of P AMP-l in the female dwarfs was to be expected, since the animals are sterile with neither normal oestrogen levels nor GH production. The lower albumin levels in the dwarfs suggest a more general impairment of the hepatic protein synthesis. This observation confirms results published on protein synthesis by isolated livers from normal and hypophysectomized rats (Griffin & Miller, 1974) . The synthesis of rat serum albumin by livers from hypophysectomized rats was severely depressed to about 401l7othat of controls. The relatively low albumin levels in the Pan: Thai serum pool used as the master standard is most likely due to the fact that this pool was made from late pregnant females, and it is well known that the albumin concentration in the circulation decreases markedly as pregnancy progresses (Lentner, 1984) .
The administration of biospecific hGH resulted in induction of a PAMP-I synthesis, but whether the action of GH is directly on the hepatic production of PAMP-l, or the activity is mediated via other molecules is presently not known. Human GH has lactogenic actions as well as somatotrophic actions in rodents, but since we have previously been unable to induce the P AMP-I synthesis in hypophysectomized mice receiving physiological replacement therapy with prolactin (Hau et at., 1983) , it seems likely that it is the somatotrophic properties of hGH which are responsible for the PAMP-l induction. The albumin level in the dwarf mice was not affected by the administration of hGH indicating that the induction of PAMP-l is not caused by a nonspecific induction of hepatic protein synthesis.
